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What is a “virus”? 1

* “Simply a piece of bad news
wrapped up in a protein”. —
Peter Medawar

* A “very small” infectious
obligate intracellular
parasite

* A bag of nucleic acid
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What is a virus? 2 &

Adsorption
of phage
2+ phages \ to host cell

* “Viruses are entities whose
genomes are elements of
nucleic acid that replicate
inside living cells using the

cellular synthetic machinery — §;f -
. . fph i
and causing the synthesis of Evn‘%tn?gfs "7 Sl O
. e ost ce ]
specialized elements that can “’g%
transfer the viral genome to
. Entry of phage
other cells” — Luria, 1978 \ Phage Nucleic acid
- nucleic
S";"f” acid

:“ / Phage
<(‘st protein 'ﬂ'ﬂé’
%(, A | ( )
o ~ Phage
proteins
Degraded host synthesized
chromosome  and genetic material

replicated: host chromo-
some then degraded






© K. Stedman, 2010




P. Forterre /C. R. Chimie xxx (2010) XXX—XXX

RiboCells (RC)

Virocells (VC)

- -»-,.
N



Virions have distinctive morphology

Viral morphology in a saline wetland
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Cowpea Chlorotic Mottle Virus Polio Virus Tobacco Mosaic Virus



Archaeal virions are highly diverse!




“Giruses”

* Virions as big as (or
bigger than) cells
 Amoebal virus
* Mimivirus
e Sputnik
* LARGE genome

Suzan-Monti M, et al. (2007) PLoS ONE 2(3): e328.
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Carth with 10” beetles
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Carth with 10” phages

“The creator must have an inordinate fondness for beetles” JBS Haldane



2103 Phage end to end ~ 2 x 107 light years!
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Viruses in the Global C-cycle

Fossil fuels
7. 000 Gt

Atmosphere
805Gt

Plankton
5Gt

Thermocline

Ocean
38,500 Gt

Plankton infected
by virus

Lysis of plankton
by viruses

Uninfected cells and
detritus sink




The Human Genome

percentage
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Figure 4-17. Molecular Biology of the Cell, 4th Edition.




The Good Viruses

Colonized

Non-colonized

\*. \ ‘ ’ Dichanthelium

lanuginosum

Curvularia
protuberata

MJ Roossinck - 2011

Nature Reviews | Microbiology



Origin of viruses?
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Evolution of modern cells,

continuous emergence of

new viruses; diversification .

of the virosphere Time

diversification of replicators

and replication strategies

from the ancestral RRM module;
no true viruses

Precellular stage; w {Acquisition of protocapsid ’

genes by selfish replicators
from primitive cells — origin
of the first viruses

Krupovic, Dolja, Koonin, NRM, 2019
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Stedman DeYoung, Saha, Sherman, and Morals Virology, 2014
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* Mlcroblal Observatory
50-95°C,pH ~2 sz

Bacteria  Archaea Eukarya
http://bslmo.research.pdx.edu ~
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STIV

L.Tang, J.
Johnson




PRD L Coat Protein Fits
STIV
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PRDI1 Adenovirus
e HGT?

* Convergent Evolution?

* Common Ancestor?

* Rice et al., PNAS May 2004
* Khayat et al., PNAS, 2005




Virus Capsid Protein Folds are Ancient!
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PRD1 (Bamford et al.) P STIV

= :;b
Bacteria Crenarchaea

Sulfolobales

Euryarchaea

Eukarya

Korarchaea

Rice et al., PNAS May 2004
Khayat et al., PNAS, 2005



How ancient viruses?
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Silicification in
hot spring wate

Laidler and Stedman, 2010







Infectivity

Silicified viruses lose infectivity.
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Desilicified viruses are active.
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Astrovirology Strategy?

Validation of virus
biosignatures

Virus detection
experiments for missions
to Europa and/or
Enceladus

Inclusion of viruses in
models for ancient oceans
and extra terrestrial
systems

Isotope fractionation by
AMGs?

e Exposure studies

 Unknown, abundant

cosmopolitan viruses

* Roles of viruses in the

origin and evolution of
early life

* Outreach u ,f ()hm]ﬂ ’T‘:

Berliner et al.,
Astrobiology, 2018




